Compul sive hoarding is defined as the acquisition of a large number of possessions with failure to discard them; clutter that precludes activities for which living spaces were designed; and significant distress or impairment in functioning caused by the hoarding (1) . It represents a serious health problem for the sufferers, their families, and the community at large. Compulsive hoarding is associated with substantial psychiatric and medical comorbidity, including obsessive-compulsive disorder, mood disorders, social phobia, personality disorders, obesity, a wide range of chronic and severe medical concerns (2-7), social isolation (4, 8) , family burden (9) , work impairment, high mental health service utilization, and even risk of eviction (7) . Therapeutic response to antidepressants and behavior therapy is poor or partial at best (10) (11) (12) (13) (14) .
Two recent epidemiological reports suggest that hoarding may be highly prevalent in the community. Samuels et al. (15) analyzed data from the Hopkins Epidemiology of Personality Disorder Study (N=742) and estimated the prevalence of compulsive hoarding at nearly 4% of the population. A much higher lifetime prevalence, more than 14%, was reported in the National Comorbidity Survey Replication (16) . However, it is unclear from these studies how many individuals exhibit sufficiently distressing and interfering problems to qualify for a diagnosis of compulsive hoarding as defined by Frost and Hartl (1) . If more stringent criteria were applied, the prevalence of "excessive" hoarding might be substantially lower.
Compulsive hoarding is a clearly familial condition, with a large proportion of sufferers reporting at least one first-degree relative with hoarding problems (4, 6, 17, 18) . For example, Pertusa et al. (4) recently found that over 50% of a sample of severe compulsive hoarders (regardless of whether or not they had obsessive-compulsive disorder) had a first-degree relative with hoarding problems. Recent studies of sibling pairs concordant for obsessive-compulsive disorder have also confirmed that hoarding is robustly familial (19) (20) (21) (22) . However, this familiality could be due to genetic or environmental factors. Twin studies are particularly well suited to disentangling the contribution of these factors.
Our aims in this study were therefore twofold: 1) to estimate the prevalence of severe compulsive hoarding in a sample of 5,022 monozygotic and dizygotic twins, and 2) to estimate the contribution of genetic and shared and nonshared environmental factors to compulsive hoarding in a subsample of 4,355 female twins.
Method

Participants
Participants were monozygotic and dizygotic twins from the TwinsUK adult twin registry (www.twinsuk.ac.uk). The sample characteristics have been described in detail elsewhere (23) .
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Briefly, the registry was started in 1993 and consists of nearly 10,000 Caucasian monozygotic and dizygotic twins, age 16 or older from all over the United Kingdom. All twins were initially recruited through a series of media advertisements that were not disorder specific. The twin sample has been shown to be comparable to age-matched population singletons in terms of diseaserelated and lifestyle characteristics (24) . The Peas in the Pod questionnaire (25) was used to ascertain zygosity, which was further confirmed in cases of uncertainty by DNA fingerprinting or from genome-wide scans.
The Hoarding Rating Scale-Self-Report (HRS-SR; 7, 9) was sent to all active twins in the registry (N=8,313) as part of a larger wave of data collection. A total of 5,022 twins returned the questionnaire (Figure 1 ). Responders and nonresponders were comparable in terms of zygosity (53% and 50% monozygotic, respectively) and socioeconomic status (Index of Multiple Deprivation [26] The sample available for analysis included 2,053 twin pairs (125 monozygotic males, 65 dizygotic males, 971 monozygotic females, 857 dizygotic females, and 35 dizygotic twins of the opposite sex) and 916 singleton twins (73 monozygotic males, 56 dizygotic males, 383 monozygotic females, 316 dizygotic females, 34 dizygotic opposite-sex twins, and 54 dizygotic twins whose co-twin sex was unknown). Over 80% of the sample was female (N=4,459; 89.3%), and the mean age was 55.5 years (SD=13.4; range=17-86).
The St. Thomas' Hospital (London) research ethics committee approved the study, and all twins provided informed consent.
Instruments
The HRS-SR is a brief self-administered instrument consisting of five items (clutter, difficulty discarding, excessive acquisition, distress, and impairment), each measured on a Likert scale ranging from 0 (none) to 8 (extreme), with 4 reflecting "moderate" symptoms; total score can range from 0 to 40. The HRS-SR correlates strongly with the interview version of the instrument (27) , and both versions have excellent psychometric properties (internal consistency, test-retest reliability, and interrater reliability), discriminate between hoarding and nonhoarding groups, and correlate highly with other measures of hoarding (7, 9, 27) . A receiver operating characteristic analysis determined that scores over 17 on the total score of the interview version of the instrument discriminate hoarding from nonhoarding cases with a sensitivity and specificity of 0.95 (27) . We therefore used this cutoff score to determine caseness in this sample.
In this study, the HRS-SR had good internal consistency (Cronbach's alpha=0.86), and a principal-components analysis revealed a single factor structure explaining 64% of the variance. Factor loadings ranged from 0.74 (excessive acquisition) to 0.84 (distress).
Prevalence Estimates
Analyses of prevalence rates were performed using Stata, version 10 (Stata Corp, College Station, Tex.), which allows control for the effects of clustering of individuals within families.
Twin Analyses
Because the HRS-SR distribution was positively skewed (skewness=2.56), polychoric correlations and genetic and environmental influences on compulsive hoarding were estimated using liability threshold models, fit to raw data in the statistical program Mx (http://www.vcu.edu/mx/). This method assumes that a disorder, in this case compulsive hoarding, has an underlying continuous distribution of liability, with each threshold representing a discrete category (28) . Individuals whose liability is above a certain threshold will experience hoarding symptoms; individuals whose liability is above a higher threshold will have more pronounced symptoms or meet criteria for caseness. In our analyses, we used three thresholds, representing different categories of symptom severity: no symptoms (i.e., an HRS-SR score of 0); minimal symptoms (HRS-SR scores ranging from 1 to 5); moderate symptoms (HRS-SR scores ranging from 6 to 16); and severe symptoms or caseness (HRS-SR scores ranging from 17 to 40). We chose to use three thresholds (as opposed to more than three) because these provided a good representation of variability in symptom severity within our sample while ensuring sufficient, and roughly equal, numbers of cases within each category.
The differing levels of genetic resemblance between monozygotic and dizygotic twins were employed to disentangle genetic and environmental influences. Polychoric correlations provide an estimate of the magnitude of similarity within pairs of twins. Because monozygotic twins share all of their genetic makeup and dizygotic twins share on average about 50% of their genes, monozygotic twins are expected to be more similar than dizygotic twins if genetic influence is important. Shared environmental influence is seen as the extent to which genetic factors do not account for twin resemblance. Nonshared environmental influence (and error of measurement) is implicated to the degree that genetic and shared environmental sources of variance cannot account for all of the observed variation. The most direct estimate of nonshared environmental factors is the degree to which monozygotic correlations depart from unity.
Maximum-likelihood univariate model-fitting analyses were employed to decompose the variance in the liability to compulsive hoarding into additive genetic (A) and shared (C) and nonshared (E) environmental factors. As is standard procedure with analysis of raw data, the data were first fitted to a saturated model (i.e., a model in which polychoric correlations and thresholds are estimated freely), and goodness of fit, in terms of a log-likelihood chi-square statistic and Akaike's information criterion, was obtained by comparing the -2 log-likelihood statistic of the more parsimonious genetic model (ACE model) to that of the saturated model. To establish the best fit for the data, alternative models were tested by systematically dropping paths from the full model (i.e., AE, CE, E). The nested and full models were compared using the likelihood ratio test (29) , and the relative improvement or worsening of the fit was assessed on the basis of a change in chisquare relative to the change in degrees of freedom. The small number of male twins (N=509) and dizygotic opposite-sex twins (N=104) did not afford sufficient power to test quantitative and qualitative sex differences in the liability to compulsive hoarding. For this reason, twin analyses were performed using data from same-sex female twins only. Singleton twins for whom the co-twin sex was unknown (N=54) were also excluded, resulting in a final sample of 4,355 for twin analyses (Figure 1 ). Table 1 summarizes prevalence rates of compulsive hoarding as estimated from the number of twins who met criteria for caseness on the HRS-SR (score ≥17). Overall, 2.3% (N=117; mean HRS-SR score=21.18 [SD=4.98]) of the whole sample reported symptoms severe enough to indicate caseness. A significantly higher rate of severe hoarding was observed for male than for female twins (χ 2 =7.14, df=1, p<0.01). Similarly, a significantly higher rate of any hoarding symptoms (versus no symptoms) was observed for male than for female twins (χ 2 =8.35, df=3, p<0.01).
Results
Prevalence of Compulsive Hoarding
Heritability of Compulsive Hoarding
Polychoric correlations for monozygotic (N=1,354 pairs) and dizygotic (N=1,173 pairs) female twins were 0.52 (95% confidence interval [CI]=0.45-0.57) and 0.27 (95% CI= 0.19-0.35), respectively. The pattern of correlations indicates greater similarity for monozygotic than dizygotic twins, suggesting a meaningful genetic basis for compulsive hoarding and negligible shared environmental effects. The moderate monozygotic correlation is indicative of nonshared environmental influence.
Model-fitting results and standardized parameter estimates are summarized in Table 2 . In the saturated model, liability thresholds could be equated across zygosity and birth order without any loss in fit, indicating that the prevalence of compulsive hoarding is similar for monozygotic and dizygotic twins and for first-and second-born twins.
Comparisons of the ACE model with the fully saturated model indicate that the more parsimonious genetic model fits the data well. Dropping the shared environmental parameter (C) did not result in a significant loss in fit. In contrast, dropping the genetic parameter (A) resulted in a significantly worse fit to the data, indicating that additive genetic factors are important in explaining variability in this trait. Dropping both the additive genetic and shared environmental parameters resulted in an increasingly worse fit. Table 2 shows standardized parameter estimates based on the full ACE model. Consistent with the pattern of correlations, genetic factors accounted for approximately 50% of the variance in compulsive hoarding, with nonshared environmental factors and measurement error accounting for the other half.
Discussion
In this study, we examined the prevalence and heritability of compulsive hoarding traits in a large sample of twins using a reliable and valid instrument that assesses the key domains of compulsive hoarding: difficulties discarding, clutter, excessive acquisition, distress, and impairment. Because this instrument has empirically derived cutoffs, we were able to estimate the prevalence of significant hoarding problems, or caseness, in this cohort. We were also able, for the first time, to estimate the contribution of additive genetic and environmental factors to compulsive hoarding, albeit only in female participants. Several conclusions can be drawn from the data.
A Prevalent Problem
Approximately 2% of the twins in this large sample reported hoarding behaviors that may be sufficiently distressing and interfering to represent a significant problem. Their average scores on the HRS-SR (mean=21 out of 40) were similar to those obtained in clinically ascertained hoarding samples (mean=25) (27) . This prevalence estimate is lower than the 5% obtained in an epidemiological study of personality disorders (15) and much lower than the 14% reported in the National Comorbidity Survey Replication (16) . These studies estimated the prevalence of hoarding based on unidimensional measures, which do not assess the broad hoarding phenotype (including clutter and excessive acquisition) and its associated interference and distress. This may have resulted in an overestimation of the prevalence of compulsive hoarding.
We found a significantly greater prevalence of compulsive hoarding problems in men (4.1%) than in women (2.1%), which is consistent with results from another epidemiological study (15) but is in sharp contrast with clinically ascertained hoarding samples, which are almost invariably predominantly female (see references 4, 8, 30, for example). Perhaps women are more likely than men to seek help about their hoarding problems. The identification of people, particularly men, with severe hoarding IERVOLINO, PERROUD, FULLANA, ET AL. ajp.psychiatryonline.org problems and their engagement with mental health professionals and other agencies represents a substantial challenge for the future.
A Heritable Disorder
The results of the twin analyses suggest that genetic factors account for approximately 50% of the variance in compulsive hoarding, with nonshared environmental factors and measurement error accounting for the other half. Environmental factors shared by siblings growing up in the same family did not contribute to individual differences in the liability to compulsive hoarding, suggesting that these factors may be less important in the etiology of this trait.
Our findings are consistent with those of previous research, indicating that hoarding is a robustly familial condition (see references 4, 19, 20-22, for example). In addition, they show, for the first time, that familial resemblance in this respect is mainly due to genetic factors, at least in women. That is, although environmental influences were important, they tended to be of the kind that makes members of the same family different rather than alike. These results are in line with research on obsessive-compulsive disorder and other anxiety disorders, which shows that variability in these traits is best explained by moderate genetic and unique environmental influence, but negligible shared environmental effects (31, 32) .
A number of molecular genetic studies have begun to identify susceptibility genes for compulsive hoarding in the context of Tourette's syndrome (33) and obsessivecompulsive disorder (6, (34) (35) (36) . Findings from these studies have so far been inconsistent, and further research is clearly needed to identify genes that increase the liability to compulsive hoarding in individuals for whom hoarding occurs independently of other disorders (4, 15) . Using suitable instruments, such as the HRS-SR, will facilitate this task.
Our results clearly show that nongenetic factors also play an important role in compulsive hoarding. Indeed, nonshared environmental factors and measurement error accounted for up to 50% of the variance. Although the amount of measurement error is unknown, these findings underscore the importance of identifying specific environmental factors that may increase the risk of developing this condition. Recent studies have suggested a possible association between traumatic life events and the onset and severity of compulsive hoarding (37, 38) . While it is possible that nonshared environmental influences reflect negative life events, further research exploring putative environmental risk factors is clearly needed.
Limitations
Some caveats must be kept in mind when interpreting these results. First, our prevalence estimates are based on a self-report measure rather than a clinician-administered diagnostic interview. Any cutoff used for the measureeven if empirically derived, as ours was-is necessarily arbitrary, and different cutoffs might have produced different prevalence estimates. If compulsive hoarding is included as a discrete disorder in DSM-V (39) and its diagnostic criteria are operationalized, researchers will be able to establish its precise prevalence as a syndrome. Second, twin samples may not be entirely representative of the general population, although the characteristics of the twins in this study have been shown to be similar to those of individuals drawn from an age-matched singleton population (24) . Third, our sample was 90% female, and it was not possible to fit heritability models for women and men separately, because there was insufficient power to examine men alone. Fourth, because compulsive hoarding was measured at a single point in time, it was not possible to estimate measurement error and adjust heritability and nonshared environment estimates accordingly. Our findings should also be interpreted in view of the more general limitations of the twin design (28) . Finally, it must be acknowledged that hoarding symptoms may be the common end product of a variety of organic and psychiatric problems. A certain level of noise may therefore have influenced our heritability estimates.
Conclusions
Compulsive hoarding is highly prevalent in the population. It is also clearly heritable, at least in women, although nonshared environmental factors are also likely to play an important role. It is possible that traumatic experiences or other environmental risk factors interact with Thresholds for first-and second-born monozygotic and dizygotic female twins could be equated without any loss in fit (χ 2 =7.2, df=9, n.s.) and were as follows: -0.14 (95% CI=-0.18 to -0.09), 0.91 (95% CI=0.86 to 0.96), and 2.03 (95% CI=1.94 to 2.12). b Standardized estimates were as follows: A: 0.49 (95% CI=0.30 to 0.57); C: 0.03 (95% CI=0 to 0.20) (parameter can be dropped without any loss in fit); E: 0.48 (95% CI=0.43 to 0.55). c Significant decline in fit. The critical χ 2 value for 1 degree of freedom at the 0.05 significance level is 3.84.
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ajp.psychiatryonline.org particular genes to precipitate compulsive hoarding, and future research should address this. Future studies should also examine the degree of genetic and environmental overlap between compulsive hoarding and other psychiatric symptoms in order to help clarify the nosological status of compulsive hoarding. Finally, genome-wide scans of compulsive hoarding in large community samples are warranted.
